Dose buildup factors and number spectra of g-rays transmitted through a homogeneous finite slab have been estimated by the multiple scattering method, taking into account scattering -including back scattering -up to the fourth order .
g -rays transmitted through shields have been calculated in the present study, taking into consideration scattering -including back scattering--up to the fourth order. We have also attempted to modify the recurrence formula, so that they could be applied not only to single slabs of homogeneous material, but also to multiple layers of different materials. With this method it is not very difficult to take higher orders of scattering into consideration.
In the present case we have limited ourselves to four orders of scattering, since g-rays of higher orders have relatively little effect on the estimation of the transmission of g-rays of high incident energy through heavy shielding materials. For practical purposes, this should amply suffice in most cases to obtain reliably accurate information for nuclear and radiation facilities.
Moreover to provide a rough estimation of the influence of higher orders, a supplementary method is proposed with which the contribution to the total dose buildup factor by the g-rays of fifth and higher orders of scattering can be determined approximately from the calculations covering four orders of scattering. The dose buildup factors estimated by this method are found to agree with results from the Monte Carlo method within [estimated error for light materials and for g -rays of low incident energy .
Some practical cases of complicated geometry can be idealized and simplified so as to be validly represented by homogeneous or stratified materials with slab geometry of finite thickness and infinite area. For such simplified geometries, the results of various shielding experiments and calculations by other methods have been published, with which our present results can be compared.
In the following chapter we present calculations covering a wide range of energy and thickness for the transmission dose buildup factors* and number spectra of g-rays normally incident on finite slabs of a homogeneous material, and the results are compared with the values calculated by other authors with the moment method(3), the Monte Carlo method(4)(5) and the response matrix method(6)(7).
II.
FORMULA As shown in Fig. 1 , the g-rays are normally incident on the left-hand face of a slab of g -rays are normally incident the left-hand side of a slab of infinite area, and detected by the point isotropic detector on the righthand side. It is assumed that g-rays scattered k times are incident on a finite sub-layer of thickness t within the slab, and is then transmitted through the sub-layer after scattering n times. 
If ak+i, is introduced, the above two inequalities Eqs. (13) and (15) 
The integration with respect to sk+i-1|ok+i-1| in Eq. (21) (22) photon is incident on the left-hand face of the sub-layer and transmits through the sublayer after one scattering, is given from Eq.
(23) as nk,k+1(t,t), and that of being reflected out through the left-hand face of the sublayer after one scattering is nk,k+1(t,0). Similarly, the probability that a k-times scattered photon is incident on the right-hand face of the sub-layer and transmits through the lefthand face of the sub-layer after one scattering, is nk,k+1(0, 0), and that of being reflected out through the right-hand face of the sublayer after one scattering is nk,k+1(0, t). 
Again, the first four spectra are those by Peebles & Plesset(1) and the remaining four derived here for the first time.
And for n>3 the spectra will be easily derived by iteration of Eq. (21).
The calculations by Peebles & Plesset(1) neglected back scattering, but this has been included in the present consideration. The component nk, k+ n when ak-bk= 0 corresponds to the case where a k-times scattered g-ray is incident on the right-hand face of the sublayer.
In the case of a slab of homogeneous material the sub-layer is regarded as the slab itself.
Therefore only the components nk,k+n whose variables are ak-bk=ak+n-bk,=t contribute to the differential number spectrum.
Carlo results(4) have been estimated to be in error by a maximum of 15 %. (6)(7); Solid lines: Those by Monte Carlo method (Table 10 .14 of Ref. (4)); Broken lines: Those by the moment method(3)-; Chain lines: Those estimated by multiple scattering method taking scattering into consideration up to the fifth or higher orders. Lead has a Dk/D0 pattern different from the other two materials, and has a smaller Dk/D0 for 1 MeV incident energy, due to the large photoelectric effect, whereas the corresponding values for incident energies of 6 and 10 MeV are larger for a slab thickness of 15 mfp. This latter effect is probably because the total attenuation coefficient of lead has a minimum value at about 3 MeV.
We have also calculated the differential number spectra of scattered g-rays based upon the expression (27) The rays are normally incident on water, iron and lead slabs; Dk is the dose due to photons transmitted through the slab with exactly k collisions, D0 that due to photons transmitted through the slab without any collision, X the thickness of the slab in mfp. The ordinate is normalized to a source intensity of 1 photon/sec/cm2. The small difference seen between the two results at energies close to the incident energy might be due to the difference in the total absorption coefficient employed in the calculations(3)(8). The discrepancies seen in the low energy regions in the cases of high incident photon energies might be attributed to the fact that the results by the moment method were obtained for infinite media, while those by the Solid lines: Differential number spectra by moment method for infinite media Broken lines: Those by multiple scattering method for slabs of finite thickness 
IV.
DISCUSSION AND CONCLUSIONS Dose buildup factors and differential number spectra of g-rays transmitted through a finite slab of lead, iron and water have been calculated with the multiple scattering method, with scattering --including back scattering--taken into consideration up to the fourth order.
As seen from Figure 7 represents the region in which one can reliably apply the multiple scattering method with scattering considered up to the fourth order.
Judging from the values given in Table 2 for discrepancies between the present and Monte Carlo results, the deviation of the dose buildup factors calculated by the present method can be held within 15 % when m (E0),E2O>7.5, where E0 is source energy and µm(E0) the linear attenuation coefficient. Plots of the Dk/D0 ratio shown in Fig. 3 as function of the number of scatterings align themselves into straight lines if the ordinate is presented in log scale. An example is shown in Fig. 8 The logarithm of n/X are shown as function of log X in Fig. 9 . We find a linear relation also between log(n/X) and log X, which can be represented by
The coefficient a appears to be constant for each material and almost independent of the incident energy.
The values of a are 1.37 for water, An example where this would not apply was found in relatively thick water slabs of 4 mfp or above for an incident energy of 1 MeV or below, when the contribution to the total dose buildup factors provided by g-rays of the fifth and higher orders of scattering appear to be larger than those estimated by the above method. It may be concluded however that for the heavier shielding materials of practical importance, and for g-rays of relatively high incident energy, the multiple scattering method may be considered a sufficiently reliable method for practical purposes to estimate the dose buildup factors and differential number spectra.
Further, the method may also be considered applicable to the estimation of dose buildup factors for light materials and for the r-rays of low incident energy, if appropriate corrections are applied in accordance with the method proposed for higher orders of scattering.
If faster computers become available in the future, the values for lighter materials and for r-rays of relatively low incident energy would also become subject to accurate calculation by taking higher orders of scattering into consideration.
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